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Abstract 
Arid and semi-arid areas comprise about 30% of earth surface. Changes in climate and climate 
variability will likely have a significant impact on these regions. Due to the large spatial and temporal 
extent of desert dust in the atmosphere, the interactions of desert dust with clouds and land surface can 
have substantial climatic impacts. Dust storms may have contributed to the desertification of the 
Northwest China during recent decades. The objective of this extended abstract is to report the status 
of climate research group of Lanzhou University for observation study of dust aerosol effect on 
arid/semi-arid climate. 
1. Introduction 
Recently, special attention has been 
dedicated to cloud interactions with desert 
aerosol particles (Huang et al, 2006a,b,c, 
2007a,b, 2008b,c; Su et al., 2008). Dust aerosols 
not only have direct effects on the climate 
through reflection and absorption of short and 
long wave radiation but also modify cloud 
properties, such as the number concentration 
and size of cloud droplets. This change in cloud 
properties, which could alter both cloud albedo 
and cloud lifetime if the total cloud water 
content remained unaffected constitutes the 
indirect effect on climate. Another important 
aspect of aerosols, especially absorbing aerosols, 
such as black carbon and mineral dust, is their 
semi-direct effect. Aerosol absorption at solar 
wavelengths could contribute to high diabatic 
heating in the atmosphere and enhance cloud 
evaporation. However, the knowledge of the 
indirect and semi-direct effects of Asian dust 
aerosols on climate is stil very limited due to 
the lack of observations. The objective of this 
extend abstract is to review the progress in 
observation study of dust aerosol effect on 
arid/semi-arid climate(Fu et al., 2008; Huang et 
al, 2006a,b,c, 2007a,b, 2008b,c; Su et al., 2008; 
Wang et al.; 2008). 
2. Satellite Measurements Analysis 
2.1 Direct effect 
The dust aerosol radiative forcing and 
heating rate over the Taklimakan Desert are 
estimated using the Fu-Liou radiative transfer 
model along with satelite observations (Huang 
et al., 2008c). The vertical distributions of the 
dust aerosol extinction coefficient are derived 
from the CALIPSO (Cloud-Aerosol Lidar and 
Infrared Pathfinder Satellite Observations) lidar 
measurements. The CERES (Cloud and the 
Earth's Energy Budget Scanner) measurements 
of reflected solar radiation are used to constrain 
the dust aerosol type in the radiative transfer 
model, which determines the dust aerosol 
single-scattering albedo and asymmetry factor 
as well as the aerosol optical properties'spectral 
dependencies. We find that the dust aerosol 
radiative heating and forcing have a significant 
impact on the energy budget over the 
Taklimakan desert. In the atmospheres 
containing light, moderate and heavy dust layers, 
the dust aerosols heat the atmosphere by up to I, 
2, and 3 K day— Th , respectively. e maximum 
daily mean radiative heating rate reaches 5.5 K 
dai at 5 km. The averaged daily mean net 
radiative forcings of the dust are 44.4, -41.9, and 
2 86.3 W m—, respectively, at the top of the 
atmosphere (TOA), surface, and in the 
atmosphere. Among these forcings about two 
thirds of the warming effect at the TOA is 
related to the longwave radiation, while about 
90% of the atmospheric warming is contributed 
by the solar radiation. At the surface, about one 
third of the dust solar radiative cooling effect is 
compensated by its longwave warming effect. 
The large modifications of radiative energy 
budget by the dust aerosols over Taklimakan 
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Desert should have important implications for 
the atmospheric circulation and regional climate. 
2.2 Indirect effect 
The indirect effects of dust aerosol on 
cloud properties and Radiative Forcing (RF) are 
analyzed over Northwestern China from April 
2001 to June 2004 using data collected by the 
MODIS and CERES instruments on the Aqua 
and Terra satellites (Huang et al., 2006a, 2006b). 
On average, ice cloud effective particle diameter, 
optical depth and ice water path of cirrus clouds 
underｷdust polluted conditions are 1 %, 32.8%, 
and 42% les, respectively, than those derived 
from ice clouds in dust-free atmospheric 
environments. Due to changes in cloud 
microphysics, the instantaneous net RF is 
increased from -161.6 W/m2 for dust-free clouds 
118.6 W/m 2 to - for dust-contaminated clouds. 
2.3 Semi-Direct effect 
The semi-direct effects of dust aerosols are 
analyzed over eastern Asia using 2 years (June 
2002 to June 2004) of data from the 
CERES)scanning radiometer and MODIS on the 
Aqua satelite, and 18 years (1984 to 2001) of 
International Satellite Cloud Climatology 
Project (ISCCP) data (Huang et al., 2006c). The 
results show that the water path of dustｭ
contaminated clouds is considerably smaller 
than that of dust-free clouds. The mean ice 
water path (IWP) and liquid water path (L WP) 
of dusty clouds are less than their dust-free 
counterparts by 23.7% and 49.8%, respectively. 
The long-term statistical relationship derived 
from ISCCP also confirms that there is 
significant negative correlation between dust 
storm index and ISCCP cloud water path. These 
results suggest that dust aerosols warm clouds, 
increase the evaporation of cloud droplets and 
further reduce cloud water path, the so-called 
semi-direct effect. The semi-direct effect may 
play a role in cloud development over arid and 
semi-arid areas of East Asia and contribute to 
the reduction of precipitation. 
Su et al. (2008) estimated the contribution to 
the cloud radiation forcing by dust direct, indirect 
and semi-direct effects using combined satelite 
observation and Fu-Liou model simulation. The 
four years mean value of combination of indirect 
and semi-direct shortwave radiative forcing is 82.2 
Wm-2, which is78.4% of the total dust efect. The 
direct effect is only 22.7 Wm-2, which is 21.6% of 
the total efect. Because both first and second 
indirect effects enhance cloud cooling efect, dusty 
cloud warming effect is mainly contributed by 
semi-direct effect of dust aerosol. 
3. Surface Observation 
To improve understanding and capture the 
direct evident of the impact of human activity on 
semi-arid climate over Loess Plateau, the Semiｭ
Arid Climate & Environment Observatory of 
Lanzhou University (SACOL) has been 
established since 2005 (Huang et al., 2008a). 
SACOL consists of a large set of instruments 
and focuses on: 1) monitoring of long term 
tendencies in semi-arid climate changes; 2) 
monitoring of the aerosol effect on water cycle; 
3) studies of interaction between land surface 
and atmosphere; 4) improving the land surface 
and climate model; and 5) validation of spaceｭ
borne observations. 
SACOL is about 48 km away from the 
centre of Lanzhou, situated at the southern bank 
of Yellow River in Gansu province, 
northwestern China. It situates on so called 
China-Loess Plateau is about 1965.8m above 
sea level. The topography around the site is 
characterized by loess plateau consisting of 
plain, ridge and mound, etc, with the elevation 
range of 1714-2089111. The soil parent material 
is mainly quaternary aeolian loess with the main 
soil types of sierozem. There is also some loess 
soil in the terrace, ridge and mound. The terrain 
where the measurements are carried out is flat, 
covered with short glass. The dominated species 
within the immediate area is stipa bungeana as 
well as artemisia frigida and leymus secalinus. 
Figure 1 shows the map ofSACOL's location. 
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Fig. I Location of SACOL 
SACOL consists of a large set of 
instruments and measure: 1) boundary 
layer meteorological parameters; 2) 
surface radiation; 3) surface fluxes; 4) soil 
heat and water moisture; 5) ambient air 
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quality; 6) aerosol optical properties; 7) 
temperature and water vapor profiles; 8) 
sky conditions. SACOL is a participating 
site in the Coordinated Enhanced 
Observing Period (CEOP) which was 
initiated as a major step towards bringing 
together the research activities in 
GHP/GEWEX and related projects in 
WCRP (CLIV AR; CLiC). An 
AERONET-Cimel sun photometer for 
spectral radiative and aerosol optical 
properties has been measured and 
archived at SACOL. Micro-Pulse Lidar 
Network (MPLnet) lidar is also 
operational at SACOL (Huang et al., 
2008d). It provides real-time images of 
the vertical profile of backscatter. Figure 2 
shows an example of MPL measurements. 
Figure 3 compares the MPL integrated aerosol 
optical depths with aerosol column optical 
depths obtained using CIMEL sun photometer 
(CE3 l 8)observations at 527 nm during daytime. 
The CIMEL optical depths are in good 
agreement (士 10%) with the lidar-derived 
contribution of aerosol extinction, due to the 
dust layers. 
The observational facilities of 
SACOL represent a unique resource for 
climate research and should allow the 
community to focus its effort on high 
priority problem of understanding semiｭ
arid climate change. SACOL employs a 
multiplatform approach, with state-of-theｭ
art instrumentation deployed on surface to 
provide a comprehensive description of 
atmosphere and land surface thermoｭ
dynamic state, particulate composition, 
aerosol, cloud and radiative properties. 
This integrated dataset is being used to 
improving understanding of aerosolｭ
climate interaction, test and improve 
climate model and satellite remote sensing 
techniques (Huang et al., 2008a). Results 
of the analyses performed to date, which 
have been summarized in this paper and 
are reported in more detail in other papers 
and elsewhere. SACOL's rich data can be 
accessed online through the SACOL home 
page at http://climate.lzu.edu.cn). 
Figure 2. MPL normalized relative backscatter 
at SACOL for May 2, 2007. 
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Figure 3. Comparison ofMPL-derived aerosol 
optical depth (AOD) with sun photometerｭ
derived AOD for the period April-May, 
2007 
4. Conclusions and Discussions 
Aerosols are generally believed to exert a 
cooling influence on climate directly by 
scattering solar radiation and through their 
indirect effects on clouds. However, the semiｭ
direct effect has the potential to offset this 
cooling by reducing low cloud cover and water 
path. Although the potential importance of the 
semi-direct effect has been addressed by model 
simulations, there are few reports discussing the 
semi-direct effect as seen from observational 
data. Ourｷstudies show some evidence of the 
semi-direct effect of Asian dustｷaerosols on 
cloud properties. Analysis of the satelite 
observations indicates that, on average, the 
water path of dusty clouds is considerably 
smaller than that from dust-free clouds in the 
same frontal systems. The key issue may be 
related to the dustｷaerosol warming efect 
through the absorption of solar radiation. The 
absorption or diabatic heating of Asian dusts can 
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cause the evaporation of cloud droplets and 
reduce cloud water path. The decrease of cloud 
optical depth and water path partially reduces 
cloud cooling effect. The semi-direct effect may 
be the dominating factor of dust aerosol-cloud 
interaction over arid and semi-arid areas in East 
Asia, and contribute to the reduction of 
precipitation via a significantly different 
mechanism as compared to that in Africa. Dust 
storms may have contributed to the 
desertification of the Northwest China during 
recent decades. The results presented here 
represent only a first step in better 
understanding the effect of Asian dust on 
climate. Further research should be focused on 
measurements of physical processes of aerosolｭ
cloud interactions. 
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